The Italian National Scientific Qualification (ASN) was introduced as a prerequisite for applying for tenured associate or full professor positions at state-recognized universities. The ASN is meant to attest that an individual has reached a suitable level of scientific maturity to apply for professorship positions. A five member panel, appointed for each scientific discipline, is in charge of evaluating applicants by means of quantitative indicators of impact and productivity, and through an assessment of their research profile. Many concerns were raised on the appropriateness of the evaluation criteria, and in particular on the use of bibliometrics for the evaluation of individual researchers. Additional concerns were related to the perceived poor quality of the final evaluation reports. In this paper we assess the ASN in terms of appropriateness of the applied methodology, and the quality of the feedback provided to the applicants. We argue that the ASN is not fully compliant with the best practices for the use of bibliometric indicators for the evaluation of individual researchers; moreover, the quality of final reports varies considerably across the panels, suggesting that measures should be put in place to prevent sloppy practices in future ASN rounds.
Introduction
The National Scientific Qualification (ASN) was introduced in 2010 as part of a global reform of the Italian university system. The new rules require that applicants for professorship positions in state-recognized universities must first acquire a national scientific qualification for the discipline and role applied to.
The ASN is to be held once a year; at the time of writing, two rounds have been completed, started in 2012 and 2013, respectively. Applicants are evaluated using quantitative indicators as well as expert assessment. The Italian Ministry of University and Research (MIUR) appoints 184 evaluation committees, one for each scientific discipline. Each committee is made of five members: four are selected among full professors from Italian universities, and one from foreign universities or research institutions. Each committee processes all applications for both the associate and full professor levels in its field of competence.
Candidates are evaluated according to their scientific profile (research output and other scientific titles, see Section 2). However, as an attempt to limit the unfair selection practices that have been associated with the Italian concorso (Gerosa, 2001) , applicants are also evaluated according to three bibliometric indicators of impact and scientific productivity defined by the MIUR. The reliance of the ASN on bibliometric indicators was welcome by part of the academic community as a step towards more objective evaluation practices, but was also heavily criticized by others as a form of "career assessment by numbers" -a term first used in Kelly & Jennions (2006) -and against the best A quantitative account of the ASN is given by Marzolla (2015) : the author computes a set of descriptive statistics, showing among other things the fraction of qualified applicants, and the distribution of the values of bibliometric indicators. The study shows that the fraction of successful applicants varies considerably across SDs, suggesting that the qualification criteria were interpreted differently by each evaluation panel. This is confirmed by the comparison of bibliometric indicators of qualified and not qualified applicants, showing that some panels were more likely to deviate from purely quantitative considerations for granting or denying qualification. Abramo & D'Angelo (2015) examine the relationship of the ASN outcome with the scientific merit of applicants, in order to identify possible cases of discrimination or favoritism. Discrimination refers to skilled (according to their bibliometric indicators) applicants that are denied qualification, while favoritism refers to under-performing applicants that are granted qualification. The results reveal that applicants that are not already employed by an academic institution ("outsiders") tend to be more penalized. Finally, Pautasso (2015) studies the proportions and success rates of female applicants across the various SDs to investigate gender issues. While in most disciplines the success rates of female applicants are comparable to that of male candidates, the study observes a significantly lower proportion of female scientists applying to most SDs, especially for the full professor role.
Organization of this paper. This paper is organized as follows. In Section 2 we give some information on the ASN. In Section 3 we examine the evaluation forms: we study their length and average similarity as proxies of their perceived quality. In Section 4 we discuss whether the ASN methodology follows the current best practices for the correct use of bibliometric indicators for the evaluation of researchers. Finally, conclusions are presented in Section 5. Some interesting descriptive statistics on the ASN dataset that have been produced as a byproduct of the main analysis are described in Appendix B.
Background
In this section we provide some background on the ASN and the Italian university system; for an historical perspective, see Degli Esposti & Geraci (2010) .
In Italy, each professor and researcher is bound to a SD representing a specific field of study. There are 184 SDs organized in 14 areas shown in Table 1 . Each SD is identified by a four-character code of the form AA/MC where AA is the numeric ID of the area (01-14), M is a single letter identifying the macro-sector, and C is a single digit identifying the discipline within the macro-sector. The full list can be found in Appendix A.
Before 2010, there were three tenured roles at Italian universities: assistant professor (ricercatore universitario), associate professor (professore associato) and full professor (professore ordinario). Hiring procedures were handled by universities advertising the position, according to centrally-defined rules mandated by state laws. Applicants had to undergo a written and/or oral examination (concorso) whose exact details differed for each role.
Law 240/2010 replaced the role of tenured assistant professor with two fixed-term positions, called Type A and Type B researcher. Type B positions are supposed to be a path towards the associate professor role, since universities hiring Type B researchers must allocate funding for promotion in advance. Under the new rules, to apply for a permanent professor positions at any state-recognized university, one has to first obtain the ASN in the same SD and role (associate or full professor) applied for. A five-member evaluation panel, appointed by the MIUR for each discipline, grants or denies qualification after assessing the scientific profiles of applicants. The evaluation must take into account both the qualitative and quantitative scientific profile of candidates. The qualitative profile consists of the list of publications and other scientific titles, such as coordination of research projects, patents, visiting positions at foreign institutions, and so on (the teaching activity is not considered, though); each panel must also provide an opinion on a limited set of publications submitted by each applicant in full text. The quantitative profile is assessed using three numeric indicators of impact and productivity.
Two sets of indicators are defined: bibliometric and non-bibliometric indicators. Bibliometric indicators apply to disciplines such as the hard sciences, biology and medicine, for which "sufficiently complete" citation databases exist. Specifically, bibliometric indicators apply to all disciplines of the nine areas Mathematics and Computer Sciences (MCS), Physics (PHY), Chemistry (CHE), Earth Sciences (EAS), Biology (BIO), Medical Sciences (MED), Agricultural Sciences and Veterinary Medicine (AVM), Civil Engineering and Architecture (CEA) and Industrial and Information Engineering (IIE), except 08/C1-Design and technological planning of architecture, 08/D1-Architectural design, 08/E1-Drawing, 08/E2-Architectural restoration and history and 08/F1-Urban and landscape planning and design, but including the whole macro sector 11/E-Psychology.
The bibliometric indicators are the following (the normalization procedure will be described shortly):
B.1 normalized number of journal papers;
B.2 normalized number of citations received;
B.3 normalized h-index.
Non-bibliometric indicators apply to all other disciplines (in general, social sciences and humanities), and are:
N.1 normalized number of authored books;
N.2 normalized number of journal papers and book chapters;
N.3 normalized number of papers published on "top" journals.
The lists of "top" journals mentioned in N.3 have been defined by panels of experts from the relevant SDs, appointed by the National Agency for the Assessment of Universities and Research (ANVUR), a public entity under control of MIUR.
Normalization of the raw indicators 3 is used to limit the bias against young applicants, and is based on the concept of scientific age: the scientific age SA(A) of applicant A that published the first paper in year t 0 (A) is defined as:
SA(A) := max {10, (2012 − t 0 (A) + 1)} Indicators B.1, N.1, N.2 and N.3 are normalized by multiplying their raw value by 10/SA(A). Indicator B.2 is normalized by dividing the raw number of citations by the scientific age. Finally, the value of B.3 is computed from the normalized number of citations per paper. Specifically, given a paper p, published in year t p , that at time t ≥ t p has received C(p, t) citations, the normalized number of citations S (p, t) for p is defined as:
S (p, t) := 4 t − t p + 1 C(p, t)
The normalized h-index h c is then the maximum integer such that h c papers of a given applicant received at least h c normalized citations each (Sidiropoulos et al., 2007) .
We remark that the terms bibliometric and non-bibliometric are used in the official MIUR documentation, although their meaning does not match the one used by the scientometric community. For this reason we will use the generic term "quantitative indicator" to refer to both bibliometric and non-bibliometric indicators.
The values of quantitative indicators are compared to minimum thresholds, defined as the medians of the values of the same indicators for tenured professors of the same role and SD applied for. Both the medians and of the values of quantitative indicators for each applicant are computed by ANVUR using data from Scopus and Web of Science (WoS). The list of publications used to compute the medians, and the quantitative indicators of tenured professors, have not been made publicly available, so the computations can not be independently verified.
Under the initial interpretation of the ASN rules, qualification could be granted only to applicants that strictly exceed at least two (one, for non-bibliometric disciplines) medians; this was understood to be a necessary but not sufficient condition for qualification. Later, MIUR relaxed this interpretation by allowing panels to grant qualification also to applicants that do not satisfy the constraint above, provided that such decision is motivated 4 . Applicants who failed to get the qualification were prevented from applying again during the next two years.
3 ANVUR (2013), National Scientific Qualification -normalization of indicators by academic age (Abilitazione scientifica nazionale -la normalizzazione degli indicatori per l'età accademica), http://www.anvur.org/attachments/article/253/normalizzazione_ indicatori_0.pdf, accessed on 2015-10-06. 4 F. Profumo, Newsletter of the ministry of education, university and research concerning some aspects of the new discipline for granting the national scientific qualification introduced by law 240 on Dec. 30, 2010 (Newsletter of the Ministry of Education, University and Research concerning some aspects of the new discipline for acquiring the national scientific qualification introduced with Law 30 December 2010, n. 240 (Nota Circolare del Ministero dell'Istruzione, dell'Università e della Ricerca su alcuni aspetti della nuova disciplina per il conseguimento dell'abilitazione scientifica nazionale introdotta dalla legge 30 dicembre 2010, n. 240), January 11, 2013, http://www.anvur.org/attachments/article/ 252/Circolareaccessedon2015-10-06. All ASN applications were submitted electronically through the Web site http://abilitazione.miur.it; each application was then automatically converted to a PDF document, like the one shown in Figure 1 . The form contains the following elements:
Id
1. Unique application ID; 2. Applicant first, last name, and date of birth; the date of birth is a valuable detail because the triplet first name, last name, and date of birth is a robust unique identifier (Smalheiser & Torvik, 2009 ); 3. List of publications; 4. List of additional scientific qualifications and titles.
The values of quantitative indicators, the application forms, and the final evaluations have been made publicly available for a short period of time at the ASN Web site. Table 1 shows the number of submitted applications for each area, and the number of application forms and final reports that have been collected and will be analyzed in this paper. Our dataset includes 53, 805 pairs of forms (for each applicant, we either managed to get both the application and final report, or none of them). This corresponds to about 90% of all application forms, representing a sufficiently large subset. Unfortunately, the coverage is not uniform across the scientific areas: from Table 1 we observe that the dataset is complete for areas PHY, CHE, EAS and BIO. Areas History, Philosophy, Pedagogy and Psychology (HPP) and Political and Social Sciences (PSS) are only partially covered, and no reports at all are available for the following 14 SDs:
• 01/A4-Mathematical physics
• 06/D3-Blood diseases, oncology and rheumatology
• 06/E1-Heart, thoracic and vascular surgery
• 07/H1-Veterinary anatomy and physiology
• 07/H5-Clinical veterinary surgery and obstetrics
• 08/A1-Hydraulics, hydrology, hydraulic and marine constructions
• 09/H1-Information processing systems
• 11/A1-Medieval history
• 11/A3-Contemporary history
• 11/A4-Science of books and documents, history of religions
• 11/C2-Logic, history and philosophy of science
• 11/C4-Aesthetics and philosophy of languages
• 12/B1-Business, navigation and air law • 14/C1-General and political sociology, sociology of law We remark that the coverage refers to the fraction of applications for which the PDF forms have been collected; the values of the quantitative indicators for all applicants have been collected, and where the subject of the analysis in (Marzolla, 2015) .
It is interesting to observe that each application form has a unique ID that appears to have been generated sequentially. There are gaps in the sequence of IDs; these gaps can be attributed to the fact that our sample is not complete, to applications that have been created but not finalized, and to applications that have been withdrawn after submission. The maximum ID in our dataset is 94765, much larger than the number of applications (59, 149, see Marzolla (2015) ). The German tank problem (Ruggles & Brodie, 1947) technique can be used to get an accurate estimate of the total number of applications. A 95% confidence interval (CI) is [94765.04, 94771.5] , which is compatible with the rough estimate using the maximum ID alone.
Appendix B provides additional descriptive statistics of the ASN dataset. 
Analysis of final reports
In this section we focus our attention on the final reports containing the assessment of each applicant. A typical report is shown in Figure 2 , and contains the following elements:
1. Applicant's last and first name; 2. Collegial assessment (Giudizio collegiale) formulated by the whole panel; 3-7. Individual assessment (Giudizi individuali) formulated by each member of the evaluation committee; the name of the committee member is indicated above the evaluation, that are therefore not anonymous; 8. Result (qualified / not qualified).
Most of the final reports are written in Italian, with the possible exception of the evaluations written by the foreign panel members. However, a few panels used a different language for the whole report.
The reports are extremely important, especially for applicants who failed to get qualification: in these cases, it is reasonable to expect that the reports motivate the decision for denying qualification, and provide feedback to improve the quality of the applicant research output. A good report should list the strengths and weaknesses of each applicant, and provide an evaluation on each paper submitted in full text: does the paper address a topic that falls within the aim and scope of the SD? is the contribution significant? is the publication type appropriate? did the publication produce an impact on the scientific community? This is not dissimilar to the feedback that authors of a scientific paper submitted to peer-review expect to receive (Shashok, 2008) .
Unfortunately, as soon as the reports started to be made available, complaints were raised about their perceived poor quality. Among others, two issues were frequently reported: (i) very short reports that do not provide any useful feedback; (ii) reports that are very similar across applicants for the same SD, as if they were based on a template with only minor modifications. These issues are examples of anti-patterns (Koenig, 1995) , i.e., common but counterproductive solutions to some problem.
The task of deciding whether a report is appropriate can not be fully automated, since this would require natural language processing capabilities far beyond the current state of the art; besides, the definition of "appropriate" is subjective and can not be encoded in any formal rule. However, the two anti-patterns above can be identified with the help of simple text metrics. In the following we focus on the length of the reports and their dissimilarity, measured through a suitable text distance function. 
Collegial evaluation
The scientific production of the applicant lies in the area of AAA BBB CCC, shows good coherence with the scientific discipline and good continuity, but is of limited quality. The applicant took part to national and international research projects.
Individual evaluations

PANEL MEMBER XXX
Publications: the applicant presents publications related to AAA BBB CCC; good fit with this discipline and temporal continuity; quality is poor and international visibility is very poor. Scientific titles: the applicant took part to national and international research projects. The applicant is not qualified.
(Four other similar individual evaluations omitted) Table 3 : Five number summary for the relative difference of the average length of final reports for qualified and not qualified applicants.
Length of final reports
The length of final reports is the number of characters or words they contain; we use the number of words as a matter of convenience, since this allows us to deal with smaller numbers that are more easy to grasp intuitively. Figure 3 shows the median length of the final reports for each discipline in our dataset; Table 2 shows the five number summary (Tukey, 1977) of all lengths. The medians for full and associate professor applications are both about 1000 words, corresponding roughly to two pages like those shown in Figure 2 . However, there are also a significant number of very short reports (200-300 words or less). They may be appropriate in some circumstances, e.g., if the applicant is obviously under-qualified, or has applied to an unrelated SD: in these cases there is no need to provide a lengthy explanation. Figure 3 , however, shows that there are panels that systematically produced shorter reports, and this can not be explained by occasional low-quality candidates.
As an actual example, Figure 4 shows the English translation of a portion of one of the short reports (about 300 words) for an applicant who failed to get qualification; we only show the collegial evaluation and one of the individual assessments, the other four being very similar. As can be seen, the content is quite vague: the publications are considered of "limited quality", and the international visibility "very poor", without any further explanation. Such evaluation is far from useful, and does not provide any of the feedback mentioned at the beginning of this section.
As a general rule, short reports should be closely scrutinized since they are likely to be of low quality, such as the one above. However, long reports should not be blindly considered better. For example, some panels listed the publications provided in full text by the applicant; in some cases the list appears multiple times in the same report, i.e., in the collegial assessment and in the five individual evaluations. The mere fact of listing the same publications over and over again increases the length but does not improve the quality of the evaluation, unless the lists are used to provide an assessment of each publication, as is actually done by some panels (e.g., the reports of 09/B1-Manufacturing technology and systems provide a detailed evaluation on each publication submitted for consideration). We will show later on how the length of final reports should be combined with their textual distance to obtain a less fragile quality indicator.
To study whether there are significant differences between the average lengths of reports for qualified and not qualified applicants, we define the following quantities. Let LQ i be the average length of reports for qualified applicants in discipline i, and LNQ i the average length of reports for not qualified applicants in i. The relative difference RD i of the lengths is defined as: Table 3 shows the five number summary of RD i for full and associate professor applications, respectively. The 3rd quartile is about 0.02 for both roles; this means that the relative difference between reports for successful and unsuccessful applications is very small, less than 2% in 75% of the disciplines.
We observe negative correlation between the median length of evaluations and the number of applications in each SD ( Figure 5 ). The rank order correlation coefficient is ρ = −0.29 with 95% CI [−0.43, −0.14] for associate professor, and ρ = −0.35 with 95% CI [−0.48, −0.20] for full professor applications. The negative correlation may be explained by the fact that the panels that had to process more applications could dedicate less time to each one. However, the correlation is weak, so we can not rule out the possibility that the lengths are unrelated to the number of applications.
Similarity among evaluation forms
Another problem that has been observed in some SDs is that the evaluations are almost identical, as if they were variations of the same template. To illustrate the problem, we report in Figure 6 the translation of two actual evaluations written by the same committee member for two applicants, A (who got the qualification) and B (who was denied qualification). The differences between the two texts consists of the three words shown in bold. From these tiny differences it is difficult to understand why applicant A was granted qualification but B was not: indeed, the terms "consistent", "fair" and "good" bears a positive meaning, suggesting that B met all the criteria for qualification. The practice of "cloning" the evaluations to change just a few words is a sloppy practice that reduces the quality of final reports. In the following we assess the extent of this practice in all SDs.
We measure the similarity among the reports of each SD by computing the text distance among documents. Two families of text distances are used in the literature: semantic distances, that measure whether two documents contains the same information, and string distances, that measure the similarity of their syntactic representation. String distances have the advantage of being easy to compute and content-agnostic; furthermore, they provide a stronger evidence that two documents share a common textual template, as in the example above.
The Levenshtein distance (Levenshtein, 1965) measures the similarity of two documents as the minimum number of edit operations required to transform one document into the other (see Appendix D for details). We use the normalized Levenshtein distance that produces a value in the interval [0, 1] . A distance of 0 denotes that the two documents are identical, while 1 denotes that the documents have no character in common. In practice, the normalized
The publications presented by the applicant are considered sufficiently consistent with the scope of discipline XX/XX or the related interdisciplinary topics. The evaluation of the scientific contribution of the publications, in relation to the scope of scientific discipline XX/XX, is assessed using parameter set 1 in Annex B of the minutes of the meeting held on X XXXX 2013 describing the criteria adopted by the panel, is good. The productivity of the applicant, assessed on the basis of publications submitted in relation to discipline XX/XX, with particular reference to the last five years prior to the call, using the parameter set 2 in Annex B of the minutes of the meeting held on XX XXXX 2013 describing the criteria adopted by the panel, is overall good. Other qualifications submitted by the applicant to support his authority and scientific maturity in relation to scientific discipline XX/XX, are considered, based on the parameter set 3 described in Annex B of the minutes of the meeting held on XX XXXX 2013 which describes the criteria adopted by the panel, excellent.
Applicant B
The publications presented by the applicant are considered consistent with the scope of discipline XX/XX or the related interdisciplinary topics. The evaluation of the scientific contribution of the publications, in relation to the scope of scientific discipline XX/XX, is assessed using parameter set 1 in Annex B of the minutes of the meeting held on X XXXX 2013 describing the criteria adopted by the panel, is fair. The productivity of the applicant, assessed on the basis of publications submitted in relation to discipline XX/XX, with particular reference to the last five years prior to the call, using the parameter set 2 in Annex B of the minutes of the meeting held on XX XXXX 2013 describing the criteria adopted by the panel, is overall good. Other qualifications submitted by the applicant to support his authority and scientific maturity in relation to scientific discipline XX/XX, are considered, based on the parameter set 3 described in Annex B of the minutes of the meeting held on XX XXXX 2013 which describes the criteria adopted by the panel, good. Levenshtein distance rarely exceeds 0.8 even between unrelated documents written in different languages; higher values are therefore very unlikely to be observed.
Given N reports {R 1 , . . . , R N } for a given SD and role, we compute the pairwise distances L i j between document R i and R j for all 1 ≤ i < j ≤ N. We strip all non-alphanumeric characters and translate uppercase letters to lowercase, to make the distance robust against changes in formatting marks. The empirical distribution of L i j provides information about the mutual similarity of the documents in the set. Since the computation of all distances is time consuming, we consider a random sample of N = 100 reports for each SD and role. Figure 7 shows the medians of the normalized Levenshtein distances among the reports in the samples, for each discipline and role. Low values are a clear indication of low quality reports that are similar each other. On the other hand, high values can not be automatically considered an indication of better reports. As an example, let us consider SD 06/N1-Applied medical technologies. According to Figure 7 , its final reports have the higher distance within area MED; Figure 3 , however, shows that the reports are, on average, the shortest in MED. Manual examination of the reports shows that they are indeed short and uninformative. The problem here is that two short documents that differ in a few words have higher distance than two long documents that differ in the exact same words (see Appendix D for a technical explanation). Therefore, short documents are more likely to have higher normalized distance than longer ones.
The discussion above suggests that the length and normalized textual distance, if taken alone, are only weak indicators of the quality of the final reports since they can produce false positives: low values are clear indication of poorly written reports, but higher values do not automatically denote better ones. A more robust indicator can be obtained by jointly considering both metrics. A simple way to do so is to produce a scatter plot such as the one in Figure 8 , where data points represent SDs whose coordinates are the median distance and the median report length, respectively; the dashed lines in the figure correspond to the global median length and distance. The plot for the associate professor level is almost identical and is not shown.
The "good" reports are those that are both long and with high pairwise normalized distance, that are located in the upper right portion of the scatter plot. "Bad" reports, that are both short and undifferentiated, are located in the lower left portion. Hence, the scatter plot provides an easy way to identify the SDs that more likely produced low quality reports. 
Discussion
In the previous section we have analyzed whether the ASN results provide useful feedback to the applicants. In this section we take a broader view by discussing the appropriateness of the ASN methodology, including the use of bibliometric indicators to evaluate individual applicants. Indeed, the ASN is the only national scientific qualification procedure that also uses quantitative indicators of productivity and impact for assessing applicants.
The recently published Leiden manifesto for research metrics (Hicks et al., 2015) describes ten best practices that should be followed when using bibliometrics as a tool to evaluate individuals or organizations. The best practices are quite general and can be applied to any scientific discipline; it is therefore instructive to understand whether the ASN complies with them. Since the best practices are provided as high-level requirements rather than formal rules, the discussion will be somewhat subjective; to substantiate our claims we will refer to the quantitative analysis from the previous section, whenever appropriate. The best practices from the Leiden manifesto are the following:
1. Quantitative evaluation should support qualitative, expert assessment. In the ASN, a five member panel is appointed for each SD, and must take into account both the quantitative and qualitative profile of applicants. Indeed, Marzolla (2015) observed that there is a considerable fraction of applicants that satisfies the quantitative requirements but is denied qualification; this fraction is not homogeneous across the SDs, suggesting that the qualitative assessment was carried out differently. Anyway, this denotes that the ASN is -at least in principlenot driven by the numbers only, and therefore this requirement appears to be met. 2. Performance should be measured against the research missions of the institution, group or researcher.
The ASN rules have been centrally defined and applied to all SDs, with the only distinction between bibliometric and non-bibliometric disciplines (see Section 2). The quantitative indicators put in place for the two classes of disciplines are certainly not enough to cope with the variability of research practices and goals across fields of study. While each panel had the possibility to override at least part of the rules, very few of them did so. The Leiden manifesto remarks that "no single evaluation model applies to all contexts"; unfortunately this is precisely what happened with the ASN. 3. Excellence in locally relevant research should be protected. Research excellence should not be identified with English-language publications only, since that would penalize the activities that have regional or national scope (typical of social sciences and humanities). The ASN relies on bibliometric data from Scopus and Web of Science for bibliometric disciplines, where English is used the most anyway. Social sciences and humanities use paper-counting metrics and lists of "top" journals for each specific field. These journals are published in a variety of languages, allowing locally relevant research to be recognized. 4. The data collection and analytical processes should be kept open, transparent and simple. The ASN is based on a new and unproven methodology that has not been discussed with the scientific community, nor has been validated by experts in research evaluation. The official documents do not contain any reference to the state of the art and to the known best practices. Therefore we can conclude that the ASN does not provide a suitable level of openness and transparency. 5. Allow those evaluated to verify data and analysis. The ASN fails (badly) to meet this requirement. In principle, applicants could verify the values of their quantitative indicators by computing them using data from Scopus and WoS. However, not everyone has access to these databases; furthermore, the values can be updated by the providers without notice, and therefore there is no guarantee that the values observed by the applicants at some time are the same values that are made available to the panels. The situation concerning the medians is worse: the list of publications used to compute them has not been made public, and it is therefore impossible to verify that the medians are correct. It should be observed that ANVUR released an updated set of threshold values 5 to fix errors that were discovered after publication of the initial set of thresholds. This raises the serious concern that other issues may have gone unnoticed. 6. Account for variation by field in publication and citation practices. It is well known that citation-based metrics vary significantly across fields of study Albarrán et al. (2011) . Publication practices also vary: Table C .11 in the Appendix lists the four most frequent publication types for each SD in our dataset, showing considerable differences also among disciplines within the same macro-sector. The ASN addressed these issues by defining different thresholds for each SD and role. Provisions were also made to cope with multimodal distributions of quantitative indicators caused by the coexistence of different scientific communities within the same field of study. 7. Base assessment of individual researchers on a qualitative judgment of their portfolio. The ASN complies with this requirement. Indeed, applicants were required to submit a selection of their best publications to the evaluation panel. The quality of those publications had to be assessed as part of the applicant evaluation. Note, however, that the analysis of the final reports described in Section 3 questions the accuracy of the qualitative judgment of applicants on some SDs. 8. Avoid misplaced concreteness and false precision. The thresholds of the quantitative indicators used in the ASN were supposed to be "hard" values that had to be strictly exceeded by applicants to be considered for qualification. This neglects the fact that the indicators are subject to uncertainties: should an applicant with contemporary h-index equal to 10.4 be rejected if the minimum threshold is 10.5? While a few panels recognized the problem and adopted less stringent requirements, the vast majority stuck with the simplistic interpretation of the hard thresholds. 9. Recognize the systemic effects of assessment and indicators. Scientists that are evaluated according to a set of rules inevitably tend to optimize their behavior to better fit the rules. The Leiden manifesto suggests that a pool of different metrics should be preferred to a single metric that can be easily gamed. The ASN complies with this suggestion, since it bases the evaluation on three quantitative indicators. However, we have observed that the values of the indicators are positively correlated in bibliometric disciplines (Marzolla, 2015) , suggesting that in fact they might measure the same thing. This suggests that the systemic effects of indicators were not properly dealt with. 10. Scrutinize indicators regularly and update them. The MIUR made explicit provision to revise the criteria and parameters every five years 6 .
The discussion above is summarized in Table 4 , where we show whether each requirement from the Leiden manifesto is satisfied or not. Since the ASN was defined before the publication of the manifesto, it is unreasonable to expect that the ASN fully complies. However, the manifesto did not appear out of the blue: the issues associated with the use of bibliometrics to evaluate individuals are well known and have already been described in the literature (Institute de France; Laloë & Mosseri, 2009; Sahel, 2011; IEEE; Okubo, 1997) .
Conclusions
In this paper we have considered the Italian ASN as a case study in the evaluation of individual researchers for promotion. In particular, we were interested in assessing the appropriateness of the ASN in terms of fairness and quality of feedback provided to applicants. To do so, we addressed the following two questions: (i) does the ASN comply with the best practices for the use of bibliometric indicators for evaluating individual researchers? (ii) do the final reports provide useful feedback to the applicants?
The answer is partially positive for question (i). We have considered the ten best practices for evaluating individual researchers through bibliometrics, according to the Leiden manifesto for research metrics. The ASN fails to satisfy five out of then requirements: the metrics are defined without taking into consideration the mission of the institution, group or researcher; the data collection and analysis process is not transparent; applicants are unable to verify the data and analysis; the possible lack of precision of the quantitative indicators used is not taken into consideration; finally, the systemic effect of the assessment is overlooked.
To answer question (ii) we have used two simple measures (length and normalized Levenshtein distance) to analyze the content of the individual reports containing a written assessment of each applicant. These measures, both in isolation and in combination, show that the perceived poor quality of some reports is indeed justified.
Our analysis of the Italian ASN highlights several issues, listed below in no particular order:
1. Understand and follow best practices. Rules and procedures for evaluating individual researchers should be defined with the help of experts in research evaluation, and should be discussed and accepted by the scientific communities. In the case of the ASN, Marzolla (2015) observed that the definition of the quantitative indicators and their medians generated several unintended side effects, including the "paradox of academic twins" 7 (an applicant with a proper subset of the publications of another one might have higher -i.e., better -quantitative indicators). Also, in some disciplines the thresholds for qualification at the associate level were higher than those for the full professor level, implying that in those disciplines there are higher requirements for the lower academic rank. Finally, the use of journal rankings presents known issues (Vanclay, 2011) that have not been addressed in the list of top journals used in non-bibliometric disciplines. 2. Allocate enough resources. Nation-wide research evaluation procedures should expect to receive a large number of applications; it is therefore important that sufficient resources (time and manpower) are allocated so that all applications are evaluated fairly and accurately. Some evaluation panels of the ASN were subject to unrealistic deadlines, and therefore required multiple extensions that delayed publications of the results. This issue could be addressed by splitting the workload of the same SD across multiple panels and/or simplifying the qualification procedure in such a way that the workload becomes manageable. 3. Check for common anti-patterns. An obvious corollary of the point above is that when evaluation panels are subject to unrealistic deadlines they inevitably tend to work sloppily in order to save time. A frequent complaint on the ASN refers to the poor quality of the final reports. The analysis in Section 3 shows that those complaints are in some cases justified. Suitable quality assurance mechanisms are put in place to improve the quality of final reports and provide consistent feedback to applicants; such mechanisms are already being used in some conferences to improve the quality of the paper review process (Canfora & Elbaum, 2015) . 4. Be transparent. Transparency is an important deterrent against unfair practices and corruption. In this context, transparency means that the output of the evaluation process should be public, so that ex-post analyses can be performed to identify issues. Moreover, if bibliometrics is used as part of the evaluation process, the indicators and their values should be verifiable by applicants.
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Appendix A. List of Scientific Disciplines
The list below enumerates all scientific areas (first indentation level), macro-sectors (second indentation level) and scientific disciplines. 
Appendix B. Descriptive Statistics
In this section we report some descriptive statistics that can be derived from the application forms. The statistics provide useful contextual information on the demography and behavior of applicants, including: the age distribution, the frequency of publication types and scientific titles in each area, and the structure of the co-qualification graph.
Age distribution of applicants. Figure B .9 shows the age distribution of applicants for the full and associate role; individuals applying for multiple qualifications are counted once per role. The five number summary shows that applicants for the full professor role are, on average, slightly older than those applying for the associate level: the sample median is 49 years for full and 42 years for the associate role.
Looking at the individual scientific areas ( Figure B .10) we observe that the age of applicants spans a large range. Area Medical Sciences (MED) has the highest median age for both associate (46 years) and full professor applicants (53 years). The youngest successful applicant was 27 years old (in 2012), while the oldest was 69 years old. It is worth noticing that the retirement age for university professors in Italy is currently set to 70 years; yet, 12 qualified applicants for the associate and 85 for the full professor role are over 65 years old. These applicants are unlikely to be promoted before they retire.
Are older applicants more (less) likely to get qualification than younger ones? To answer this question we use a probit regression model (Bliss, 1934) to study the dependency of the ASN result (qualified/not qualified) on the applicant's age. A probit model assumes that the qualification probability for a given age x can be expressed as:
for a suitable scalar parameter β, where Φ(·) is the cumulative distribution function of the normal distribution. Positive values of β denote that older applicants are more likely to qualify, while negative values denote negative correlation. Table B .5 shows 95% CIs for the value of β for each area and role. Positive correlation is observed, among others, for both roles in areas MCS, CHE, Law (LAW) and Economics and Statistics (ECS). Negative correlation is observed in area Antiquities, Philology, Literary Studies, Art History (APL). Where the CI for β includes zero, we can not reject the hypothesis that the qualification probability is unrelated to the age.Distribution of publication types. The publications that can be listed in the applications forms are divided into seven categories: journal contribution, volume contribution, book, contribution in proceeding, patent, curatorship, and other publication type. Table B .6 shows the list of the seven main categories and all sub-categories with their counts. The same publication may be counted multiple times, e.g., if it has multiple authors that are applying for qualification, or one of the authors applied for qualification on several disciplines or roles. We did not attempt to remove duplicates, since that would have had little impact on the rank of publication types at the cost of considerable technical complexity. The five most frequent types -journal article, paper in proceedings, book chapter, abstract in proceedings, and abstract in journal, respectively -represent more than 90% of all publications appearing in the dataset. The small but non-negligible fraction of "Other publication types" (1.39%) consists mostly of technical reports that have not been formally published. Each SD has its own practices regarding the preferred venues for disseminating their research output; these differences are apparent if we look at Table C.11 in the Appendix, that lists the four most common publication types for each SD. Journal papers are common in areas Mathematics and Computer Sciences, Physics, Chemistry, Earth Sciences, Biology, Medical Sciences, and Agricultural Sciences and Veterinary Medicine, with the notable exception of 01/B1-Computer Science where the most common publication type is the conference proceeding. This peculiarity of 01/B1 is in accordance with the DBLP computer science bibliography, that indexes 2.6 million publications by 1.4 million authors; at the time of writing, 55.99% of the bibliographic entries in DBLP are conference proceedings, and 39.94% are journal papers 8 . A common trait of the areas above, apart from a few cases, is that the four most common publication types account for more than 90% of the total number of publications. In the remaining areas (Civil Engineering and Architecture, Industrial and Information Engineering, Antiquities, Philology, Literary Studies, Art History, History, Philosophy, Pedagogy and Psychology, Law, Economics and Statistics, and Political and Social Sciences), the most frequent publication type is again the journal article, with a significant number of disciplines where conference proceedings or book chapters are the preferred media. Interestingly, the social sciences and humanities adopt more diversified dissemination practices: the four most frequent publication types account for about 70%-80% of the publications.
While there are yet no comprehensive studies on the frequency of publication types on different scientific areas, some data have been analyzed for Norway and Australia. Sivertsen (2009) analyzes the frequency of articles in journals (with ISSN), articles in books (with ISBN), and books for all scientific fields in Norway higher education sector; articles in books here include also papers in conference proceedings. The data shows that publication patterns are quite different across SDs and also within subfields of the same discipline, in particular within the social sciences and humanities. This is in accordance with our findings (see Appendix C). Also, publication types in the computer science community in Norway show the same skewness towards conference papers that we observe.
The report of the Excellence in Research for Australia (ERA) evaluation (ERA Report) contains statistics on the publications submitted as part of the national evaluation of Australian universities and research institutes. Caution should be adopted in comparing ERA and ASN, since they have very different goals -ERA aims at evaluating research institutes, while the ASN evaluates individuals.
ERA classifies research outputs in three main categories:
Traditional outputs: Books, book chapters, conference publications and journal articles; Table B .6: Counts of publication types. Percentages refer to the fraction of each type with respect to the total number of publications submitted by all applicants; Rank is the rank of each type according to the frequency of occurrence in the CVs.
Non-traditional outputs: Curated or exhibited event, live performance, original creative work, recorded/rendered work, portfolio of non-traditional research outputs;
Output types within portfolios: Curated exhibited events, live performance, original creative work, recorded ren- Table B .7: Application counts with at least one instance of a given scientific title. Percentages refer to the fraction of applications with at least one instance of the given title, therefore the percentages do not sum to 100. dered work.
More than 413, 000 research outputs were submitted to the ERA: 69% were journal articles, 18% conference papers, 10% book chapters, 1% books, and the remaining 2% non-traditional outputs. These percentages are remarkably similar to the percentages of journal contributions, contributions in proceedings, volume contributions and books shown in Table B .6. Looking at individual disciplines, 62% of research outputs within the ERA research area "Information and computing sciences" are conference papers, 30% are journal articles, 7% book chapters, and less than 1% books. These are similar to those observed in our dataset for 01/B1-Computer Science. Table C .11 shows that abstracts are unusually common in many ASN disciplines, in particular those of areas 5 (BIO) and 6 (MED). For example, abstracts represent more than 20% of all publications listed in the curricula of applicants for 06/E2-Plastic and paediatric surgery and urology. Since the rank of publication types remains the same even if we consider successful applicants only, abstracts are not used by low quality applicants only, but instead play an important role in the dissemination of research results in some scientific communities.
The role of abstracts that emerges from our dataset is more prominent than what can be desumed from other sources. For example, while abstracts represent 15% of the publications of successful qualifications in area MED, they constitute only 4% of the references listed by PubMed, a bibliographic database of biomedical research papers 9 . The origin of this difference should be investigated in future studies.
Distribution of scientific titles. The last part of the application forms contain the list of additional scientific qualifications (also called scientific titles) of the candidate. The list of allowed scientific titles, that is the same for both associate and full professor applicants, is reported in Table B .7. Candidates were required to supply additional details in some cases; for example, an applicant claiming "Participation to research projects" had to specify the project name, duration and role assumed (e.g., participant, task coordinator, affiliate member).
The most frequently mentioned title, appearing in 76.6% of the applications for the associate and 77.69% for the full professor role, is the catch-all category "Other titles". Manual examination reveals that candidates used this category to list teaching duties, service activities (conference organization, coordination of Master or PhD programs, program committee memberships), invited presentations and consulting activities. All these items seems relevant, and the fact that they appear frequently suggests that they should be given specific entries on their own.
Teaching experience is a conspicuous omission from the list of qualifications; research and teaching fellowships at foreign universities can be indicated, but teaching activities at Italian institutions can not. While the ASN is intended to attest only the scientific qualification of applicants, professors at Italian universities are required to teach (there are no research-only positions in Italy). Table B .8: Number of individuals that submitted n applications; number of applicants that received n qualifications.
Min. 1st Qu. Median 3rd Qu. Max.
0.001 0.004 0.006 0.014 0.338 Table B .9: Five number summary of the nonzero entries of the co-qualification matrix. Table B .7 shows a couple of differences between associate and full professor applications. "Coordination of research projects", "Editor in chief of journals, encyclopedias, or treatises", "Membership of scientific academies" and "Direction of research institutes" are claimed by applicants for the full professor role only, with a single exception. This is understandable, since these roles, in particular direction of research institutes, are usually held by well-established scientists that are likely approaching the top of the academic rank. Note that department heads and team leaders of Italian national research centers (CNR, INFN, ENEA...), are not necessarily university professors, and some of them applied to the ASN claiming (correctly) direction of research institutes. Interestingly, of the 14, 67 applications claiming direction of research institutes, only 762 were successful.
On the other hand, "Participation to research projects" and "Involvement with research institutes" are claimed by candidates for associate professor qualification only, again with a single exception. We see no obvious reason why applicants for the higher role should not pursue these activities; perhaps they are just considered not worth being mentioned.
Co-qualification analysis. The ASN allowed individuals to apply for qualification in multiple SDs and roles. Table B.8 shows how many candidates submitted n different applications, and how many received n qualifications. Our dataset contains 53, 805 applications from 37, 312 individuals. Most of the applicants (73.37%) submitted a single application, but a significant fraction (18.03%) submitted two. The maximum number of applications submitted by one individual is 34 (none of them was successful). Overall, 19, 796 applicants were granted at least one qualification; 86.50% of them acquired exactly one qualification, and 10.46% got two. The most successful applicant qualified for both roles in 8 SDs, collecting a total of 16 qualifications.
The existence of individuals that qualified in two different SD, say i and j, is an indication that some overlap may exist between the scope of i and j, fostered by the personal interest of researchers working on cross-disciplinary boundaries. In this section we study co-qualifications in more detail, as a proxy for the level of affinity among SDs.
For each pair of disciplines i, j, i j, we define the co-qualification strength M i j as the fraction of applicants that qualified in either i or j that qualified in both:
N. of applicants that qualified in both SD i and j N. of applicants that qualified in either SD i or j By definition, 0 ≤ M i j ≤ 1 and M i j = M ji . If M i j = 0, then there is no applicant that received qualification in both i and j; this suggests that disciplines i and j might be unrelated. M i j = 1 means that every applicant that qualified for SD i also qualified for j. It turns out that co-qualifications across disciplines are relatively rare: only 531 out of 170 × 169/2 = 14, 365 pairs have nonzero co-qualification strength; the five number summary of the nonzero values of the co-qualification matrix are shown in An effective way to visualize co-qualifications is to draw the co-qualification graph G ( Figure B .11). G is a weighted, undirected graph where each node represents a SD, and two nodes i, j are connected by an edge of weight M i j if and only there exists at least one applicant that qualified in both i and j.
The co-qualification graph has 170 nodes and 531 edges. We use colors to distinguish the 14 scientific areas. The node sizes are proportional to the number of incident edges, and edge widths is proportional to the coqualification strength: thick edges denote a higher fraction of co-qualified applicants (i.e., higher values of M i j ). We used Gephi (Bastian et al., 2009 ) and igraph (Csardi & Nepusz, 2006) to draw G and compute the metrics described in the following.
To study the relationships among SDs we look for two important structural patterns in the co-qualification graph: hubs and cliques. A hub is a node with a large number of neighbors, such as node E in Figure B.12 (a) . A hub in G can be interpreted as a "general" discipline with partial overlaps with more specific ones that are not necessarily related each other. A clique is a complete subgraph, i.e., a subset of nodes that are pairwise connected by an edge; as an example, nodes {A, B, C, D, E} in Figure B .12 (b) form a clique. Cliques in the co-qualification graph represent Table B .10: The ten disciplines with highest degree in the co-qualification graph disciplines having mutual overlap, identifying a broader area of related research activities. Hubs can be identified by looking at the node degree distribution of G. The degree δ(v) of a node v is the number of incident edges (an edge is incident to a node if it has one of the endpoints on that node). The hubs in G are the disciplines with higher degree.
The ten biggest hubs are shown in Table B .10. Five of them (05/F1-Experimental biology, 05/E1-General biochemistry and clinical biochemistry, 05/E2-Molecular biology, 05/C1-Ecology, and 05/D1-Physiology) belong to area BIO; three (06/N1-Applied medical technologies, 06/A2-Experimental medicine, pathophysiology and clinical pathology, and 06/D6-Neurology) belong to area MED, and the remaining two (02/B3-Applied physics and 02/B1-Experimental physics of matter) belong to area PHY.
The co-qualification graph contains several cliques, i.e., complete subgraphs. A maximal cliques G is a subgraph G ⊆ G such that no node can be added to G to form a bigger clique. The largest clique in G has size 9, and consists of the following disciplines (all belonging to areas BIO and MED):
• 05/H1-Human anatomy, 05/F1-Experimental biology, 05/H2-Histology, 05/B2-Comparative anatomy and cytology, 06/N1-Applied medical technologies, 06/A1-Medical genetics, 06/A2-Experimental medicine, pathophysiology and clinical pathology, 05/E2-Molecular biology, and 05/E1-General biochemistry and clinical biochemistry.
The ties between disciplines in area MED and BIO are confirmed by the existence of three maximal cliques of size 8 that include the following disciplines:
• 05/I1-Genetics and microbiology, 05/F1-Experimental biology, 05/B2-Comparative anatomy and cytology, 05/H2-Histology, 06/A1-Medical genetics, 05/E2-Molecular biology, 05/E1-General biochemistry and clinical biochemistry, and 06/A2-Experimental medicine, pathophysiology and clinical pathology.
• Other smaller cliques exist: 5 maximal cliques of size 7, 17 maximal cliques of size 6, and 133 maximal cliques of size between 3 and 5 inclusive.
Appendix C. Most frequent publication types for each scientific discipline
The following table lists the four most frequent publication types for each SD. We use the following keys: ABSJ = Abstract in journal; ABSP = Abstract in proceedings; AF = Artifact; ART = Art prototype; BIB = Bibliography; BIBE = Bibliographic entry; CAT = Catalogue entry; CH = Chart; CHAP = Book chapter; COM = Composition; COMM = Scientific commentary; CONC = Concordance; CRIT = Critical edition of books/archaeological excavation; CUR = Curatorship; DB = Database; DES = Design; DICT = Dictionary or encyclopedia entry; DRAW = Drawing; EXH = Exhibition; EXP = Exposition; IDX = Index; INTRO = Introduction; JRNL = Journal paper; MONO = Monograph or scientific treatise; OP = Other publication types; PAT = Patent; PERF = Performance; POS = Poster; PREF = Preface/postface; PROC = Paper in proceedings; REVJ = Review in journal; REVV = Review in volume; SRC = Publication of new literary or archivistic document; SW = Software; TRB = Book translation; TRJ = Translation in journal; TRV = Translation in volume; VERD = Comment of verdict; 
Appendix D. Levenshtein distance
The Levenshtein distance between two strings (sequences of characters) is the number of edit operations that are required to transform one string into the other. The following single-character edit operations are permitted: (i) deletion of a character; (ii) insertion of a character; (iii) replacement of a character with a different one.
Let S [1.
.n] and T [1..m] be two strings of length n := |S | and m := |T |, respectively. The Levenshtein distance L(S , T ) of S and T is the value of the auxiliary function L S ,T (n, m), where L S ,T (i, j) is defined for all 0 ≤ i ≤ n, 0 ≤ j ≤ m as follows: The value L S ,T (n, m) can be computed in time O(nm) by tabulating all values L S ,T (i, j) starting from L S ,T (0, 0). The Levenshtein distance is zero if and only if S and T are equal; the maximum value is max{|S |, |T |} when S and T contain distinct sets of characters (e.g., S = "abcdef", T = "ghijklmnopqrst"). The normalized Levenshtein distance L n (S , T ) is defined as:
and assumes values in the range [0, 1] . By definition, a small difference between short documents results in a larger normalized distance than the same difference between long documents. Formally, given two pairs of documents S , T and S , T where |S | < |S |, |T | < |T | and such that L S ,T (|S |, |T |) = L S ,T (|S |, |T |), then according to Equation (D.2) we have L N (S , T ) > L N (S , T ). In short, the same (absolute) difference matters more for short documents than for long ones.
It is important to remark that the normalized Levenshtein distance among real-world documents is usually much lower than 1.0. For example, the normalized distance between a portion of the United States Declaration of Independence and a portion of equal length from the Divine Comedy by Italian poet Dante Alighieri is less than 0.8; the distance between two random character sequences is about 0.9.
